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Abstract 
Ubiquitous computing is the concept of embedding many heterogeneous devices 
within our everyday environment in such a way that they operate seamlessly and 
become transparent to the person using them. It covers a wide range of applications 
and services, but of particular interest is multimedia resource adaptation which 
involves customization and dynamic adaptation of resources according to usage 
environments and user preferences; this aims to provide consumers with transparent 
access. 
 
This thesis proposes a content negotiation architecture for dynamic adaptation of 
multimedia content according to usage environment attributes. The architecture 
shields users from complex configuration details related to the adaptation of 
multimedia content, while guiding them through user related choices. The 
architecture also dynamically updates the multimedia content during transmission 
and consumption when related usage environment attributes are changed. The 
content negotiation mechanism in the proposed architecture is then extended and 
deployed in a mobile computing environment to accommodate transfer of 
multimedia content application session state between devices in a seamless manner. 
An application session transfer architecture which allows sessions to be directed, 
stored and transferred through an intermediary session server is proposed. 
 
The thesis also considers the foregoing work on the adaptation of multimedia 
resources applied to sharing in a Peer-to-Peer (P2P) network.  It proposes a super 
peer based dynamic resource adaptation architecture which employs ‘pull’ and 
‘push’ two-stage adaptation approach. This guides users through resource search and 
 
 
III
configuration details without exposing them to unnecessary technical details; the 
result is that requested content is transparently adapted to heterogeneous terminal 
devices. Two separate, but related, modifications are proposed to further improve the 
performance of the proposed P2P architecture. Firstly, peers are clustered according 
to registered geographic location information and secondly, based on that registered 
location information, a locality-based service is introduced which allows users to 
search services according to their geographic locations. The latter encourages service 
providers to increase the uptime of their devices and hence provide spare computing 
power for active adaptation of resources for low-end peers. 
 
Resource replication is an important aspect of a P2P system and an adaptive resource 
replication strategy based on the proposed P2P architecture is presented. It uses 
resource request rate as the metric to trigger the resource replication process, and 
proportionally replicates multimedia resources into various configuration states 
according to the properties of peers and the size of peer clusters. Also, the strategy 
uses peer related information stored on super peers to determine which peers should 
be selected to perform adaptive replications and where the resulting replicas should 
be stored. The proposed adaptive replication strategy demonstrates that the network 
delays are reduced while resource hit rate is increased in comparison to other 
replication strategies. 
 
Investigation of the deployment of a BitTorrent (BT) - like approach in the proposed 
P2P resource adaptation architecture is also considered in this thesis. In addition, the 
architecture’s peer selection strategy is adopted and evaluated as a way to enhance 
the peer selection process in BT. The strategy uses super peers as trackers to 
intelligently select peers according to their capabilities and shared resource segments 
 
 
IV
and overcome the scalability issue of existing BT implementation. The proposed 
selection strategy reduces average access time and increases download speed when 
compared with the existing BT peer selection process with randomly selected peers. 
Also, the deployment of BT in the proposed P2P architecture shows that it greatly 
reduces the congested download problem which was previously reported. 
 
 
V
Statement of Originality 
This is to certify that the work described in this thesis is entirely my own, except 
where due reference is made in the text. 
This document has not been submitted for qualifications at any other academic 
institution. 
 
 
Signed 
 
 
Letian Rong 
 
25/02/2007
 
 
VI
Acknowledgements 
Firstly, I must thank my mother for giving me the support I needed during the past 
few years of study. Without your support, none of this would have been possible. 
 
I wish to thank my supervisor, Associate Professor Ian Burnett who has provided me 
with the guidance and expertise. I am grateful for the help that you have provided. 
 
I would like to thank all the people whom I have worked with over the past few years 
at Whisper Laboratories (University of Wollongong), namely, Daniel Smith, Stephen 
Davis, Eva Cheng, Joe Thomas-Kerr and Kevin Adistambha. Our ‘numerous tea 
breaks’ were memorable and provided me with a relaxing and fun-working 
environment. Also, I would like to thank Eva, Daniel and Gerrard Drury for 
proofreading my thesis. 
 
Finally, this work would have been much more difficult without the financial support 
of the CRC Smart Internet Technology (CRC SIT). 
 
Letian Rong 
25/02/2007 
 
 
VII
Contents 
Abstract...................................................................................................................... II 
Statement of Originality ........................................................................................... V 
Acknowledgements...................................................................................................VI 
Contents .................................................................................................................. VII 
List of Figures...........................................................................................................XI 
List of Tables .........................................................................................................XIV 
List of Abbreviations ............................................................................................. XV 
1 Introduction........................................................................................................ 1 
1.1 Overview...................................................................................................... 1 
1.2 Thesis Outline .............................................................................................. 3 
1.3 Contributions................................................................................................ 5 
1.4 Publications .................................................................................................. 8 
1.4.1 Book Chapter ....................................................................................... 8 
1.4.2 Conference Publications ...................................................................... 8 
1.4.3 International Standards ........................................................................ 9 
1.4.4 MPEG Meeting Contributions ........................................................... 10 
2 Literature Review............................................................................................. 11 
2.1 Introduction ................................................................................................ 11 
2.2 Universal Multimedia Access (UMA) ....................................................... 12 
2.3 Multimedia Metadata Technologies........................................................... 14 
2.3.1 Metadata and its Relevance to Multimedia Content .......................... 14 
2.4 Multimedia Metadata Standards ................................................................ 16 
2.4.1 Standardized Multimedia Description Schemes ................................ 17 
2.4.1.1 General Description Scheme – Dublin Core.................................. 17 
2.4.1.2 Usage Environment Description .................................................... 18 
2.4.1.3 Broadcast Content Description ...................................................... 21 
2.4.1.4 MPEG-7 Tools for Multimedia Content Description and Adaptation
 26 
2.4.2 Multimedia Metadata Framework...................................................... 30 
2.4.2.1 Resource Description Framework (RDF) by W3C........................ 31 
2.4.2.2 MPEG-21 Multimedia Framework ................................................ 33 
2.5 Multimedia Content Adaptation and Negotiation ...................................... 47 
2.5.1 Content Negotiation ........................................................................... 47 
2.5.1.1 HTTP Content Negotiation ............................................................ 48 
2.5.1.2 CC/PP and UAProf based Content Negotiation............................. 51 
2.5.1.3 SMIL 2.0 ........................................................................................ 52 
2.5.1.4 InfoPyramid ................................................................................... 54 
2.5.2 Content Adaptation ............................................................................ 57 
2.5.2.1 Adaptation Process......................................................................... 57 
2.5.2.2 Adaptation Location....................................................................... 59 
2.6 UMA in a Mobile Computing Environment .............................................. 61 
2.6.1 Host/Terminal Mobility ..................................................................... 62 
 
 
VIII
2.6.2 Personal and Session Mobility ........................................................... 63 
2.6.3 Service Mobility................................................................................. 68 
2.7 Client-Server based Systems...................................................................... 69 
2.7.1 Definition and Introduction................................................................ 69 
2.7.2 Client-Server Model and UMA.......................................................... 70 
2.8 Peer-to-Peer (P2P) Systems ....................................................................... 70 
2.8.1 Definition and Introduction................................................................ 70 
2.8.2 Unstructured P2P Systems ................................................................. 72 
2.8.2.1 Centralized Model.......................................................................... 72 
2.8.2.2 Distributed Architecture................................................................. 74 
2.8.2.3 Super-Peer/Hybrid Architectures ................................................... 77 
2.8.2.4 File Segment Download based Systems ........................................ 79 
2.8.3 Structured P2P Systems ..................................................................... 82 
2.8.4 Unstructured P2P Systems vs. Structured P2P Systems .................... 85 
2.8.5 Peer-to-Peer in a UMA context.......................................................... 87 
2.9 Summary .................................................................................................... 90 
3 Dynamic Multimedia Content and Session Adaptation, Update and 
Transfer in a Heterogeneous Computing Environment....................................... 92 
3.1 Introduction ................................................................................................ 92 
3.2 Analysis of Existing Content Negotiation and Adaptation Approaches.... 94 
3.3 Motivations behind the Content Negotiation and Adaptation Proposal .... 96 
3.4 MPEG-21 and Content Negotiation and Adaptation ................................. 98 
3.5 DIA Configuration Metadata ..................................................................... 99 
3.5.1 DIA Configuration Tools Syntax and Semantics............................. 100 
3.5.2 Example of DIA Configuration Tools Usage................................... 103 
3.6 Content Negotiation and Adaptation Architecture and Approach ........... 106 
3.6.1 End-to-end Content Negotiation and Adaptation Approach............ 108 
3.7 Experiment Settings and Validation for the Proposed Content Negotiation 
and Adaptation Architecture ................................................................................ 111 
3.7.1 Processing Complexity of the Content Negotiation and Adaptation 
Approach 113 
3.8 Mobile Computing and Session Mobility ................................................ 115 
3.9 Session Mobility Architecture.................................................................. 117 
3.9.1 Adoption of MPEG-21 for Multimedia Session Hand-offs ............. 117 
3.9.2 Extension to DIA Configurations Tools to Support Session Mobility
 122 
3.9.3 Session Mobility Architecture Software Modules ........................... 126 
3.9.4 Multimedia Session Hand-off Management .................................... 128 
3.10 Experiment Settings and Validation for the Session Mobility Architecture
 133 
3.10.1 Processing Complexity of Session Mobility Architecture ............... 136 
3.11 Summary .................................................................................................. 138 
4 Dynamic Resource Adaptation in a Heterogeneous Peer-to-Peer 
Environment ........................................................................................................... 140 
4.1 Introduction .............................................................................................. 140 
4.2 Multimedia Content Distribution over P2P Networks in a UMA Manner
 142 
4.3 Dynamic Resource Adaptation P2P Architecture .................................... 144 
4.3.1 Super Peer based P2P System.......................................................... 144 
 
 
IX
4.3.2 Two-stage Adaptation Approaches .................................................. 148 
4.4 Simulation ................................................................................................ 151 
4.4.1 Simulation Implementation.............................................................. 151 
4.4.2 Simulation Results ........................................................................... 154 
4.4.2.1 Validation of Simulation Model................................................... 157 
4.5 System Implementation............................................................................ 161 
4.5.1 The Deployment of JXTA in the P2P System Prototype................. 162 
4.5.2 The P2P System Prototype............................................................... 167 
4.6 System Improvement through Locality-based Clustering and Service.... 169 
4.6.1 Related Work and Motivation behind Improving the Proposed 
Architecture...................................................................................................... 169 
4.6.2 Locality-based Clustering Approach ............................................... 170 
4.6.3 Enhanced Two-stage Adaptation Approaches ................................. 173 
4.6.4 Locality-based Service ..................................................................... 175 
4.6.5 The Impact of Deploying Locality-based Services.......................... 179 
4.6.6 Simulation Results ........................................................................... 180 
4.7 Summary .................................................................................................. 184 
5 Resource, Peer and Download Management in a Dynamic Resource 
Adaptation Peer-to-Peer System........................................................................... 187 
5.1 Introduction .............................................................................................. 187 
5.2 Adaptive Resource Replication in a Ubiquitous Peer-to-Peer based 
Multimedia Distribution Environment................................................................. 188 
5.2.1 Introduction...................................................................................... 188 
5.2.2 Resource Replication Strategies for P2P Network........................... 189 
5.2.3 Structured P2P System Replication ................................................. 190 
5.2.4 Unstructured P2P System Replication ............................................. 190 
5.2.4.1 Super-Peer P2P System Replication ............................................ 191 
5.2.5 Analysis and Requirements for Multimedia Content Replication in a 
Dynamic Content Adaptation P2P Architecture .............................................. 192 
5.2.6 Adaptive Resource Replication Strategy ......................................... 194 
5.2.6.1 Replication based on Request Rate .............................................. 194 
5.2.6.2 Adaptive Replication Strategy Steps............................................ 195 
5.2.7 Simulation Results ........................................................................... 197 
5.3 BitTorrent in a Dynamic Resource Adaptation P2P Network ................. 201 
5.3.1 Introduction...................................................................................... 201 
5.3.2 Drawbacks of the BitTorrent Protocol ............................................. 202 
5.3.3 Related Work on BitTorrent Improvements .................................... 203 
5.3.4 Analysis and Motivation .................................................................. 204 
5.3.5 Dynamic Resource Adaptation P2P System with BitTorrent .......... 206 
5.3.5.1 Index Servers and Tracker Replacement...................................... 207 
5.3.5.2 Dynamic Adapted Resource Segment Transfer Approach .......... 208 
5.3.6 Peer Selection Strategy .................................................................... 209 
5.3.7 Simulation Results ........................................................................... 211 
5.4 Summary .................................................................................................. 215 
6 Conclusions and Further Research .............................................................. 217 
6.1 Overview.................................................................................................. 217 
6.2 Dynamic Multimedia Content and Session State Negotiation and 
Adaptation ............................................................................................................ 218 
6.3 Application Session State Transfer .......................................................... 219 
 
 
X
6.4 Multimedia Content Distribution in a P2P Network................................ 219 
6.4.1 Locality-based Clustering and Service ............................................ 220 
6.4.2 Resource Replication Strategy for P2P Systems.............................. 221 
6.4.3 BitTorrent Facilitation in a Dynamic Resource Adaptation P2P 
System 222 
6.5 Further Work............................................................................................ 222 
7 References ....................................................................................................... 226 
Appendix A Screenshots of the Dynamic Multimedia Content Negotiation 
Process for RTP Video Streams............................................................................ 252 
Appendix B Session Mobility Schema ........................................................... 260 
B.1 SessionMobility Syntax ........................................................................... 260 
B.1.1 SessionMobility Semantics .............................................................. 261 
Appendix C Overview of JXTA ..................................................................... 264 
 
 
XI
List of Figures 
Figure 2-1: Example of a Dublin Core record for a fictional book............................ 18 
Figure 2-2: Example of UAProf  implementation of a CC/PP profile [34] ............... 21 
Figure 2-3: Segments example of a TV program based on TV-Anytime .................. 25 
Figure 2-4: MPEG-7 media information example [42].............................................. 29 
Figure 2-5: Directed labeled graph representation of RDF [49] ................................ 32 
Figure 2-6: An RDF example which incorporates Dublin Core and vCard elements 
[49] ............................................................................................................................. 32 
Figure 2-7: Relationship of the principal elements within the Digital Item Declaration 
Model [56].................................................................................................................. 38 
Figure 2-8: Example of a video Digital Item ............................................................. 40 
Figure 2-9: Digital Item Adaptation architecture [8] ................................................. 40 
Figure 2-10: DIA tools architecture [8] ..................................................................... 41 
Figure 2-11: Example of DIA information encapsulated in a Digital Item ............... 45 
Figure 2-12: Extended example of DIA with encapsulated MPEG-7 descriptors ..... 46 
Figure 2-13: Example of HTTP preference header field ........................................... 49 
Figure 2-14: Example of switch tag in SMIL ............................................................ 54 
Figure 2-15: Example of content value scores assigned for different media objects in 
InfoPyramid [72]........................................................................................................ 56 
Figure 2-16: Example of personal mobility ............................................................... 64 
Figure 2-17: Example of session mobility ................................................................. 66 
Figure 2-18: Example of centralized P2P architecture .............................................. 73 
Figure 2-19: Example of distributed P2P architecture............................................... 75 
Figure 2-20: Example of hybrid P2P architecture...................................................... 78 
Figure 3-1: DIA Configuration tools schema........................................................... 101 
Figure 3-2: DIA example of terminal capabilities of a client device....................... 104 
Figure 3-3: Example of a video Digital Item with embedded DIA Configuration tools 
information............................................................................................................... 106 
Figure 3-4: Multimedia content negotiation architecture......................................... 107 
Figure 3-5: M21 screenshot during the choice selection process in step3............... 112 
Figure 3-6: Example of a movie trailer Digital Item................................................ 120 
Figure 3-7: Example of the session state information of the example Digital Item 121 
 
 
XII
Figure 3-8: Schema of extended DIA Configuration tools ...................................... 123 
Figure 3-9: Digital Item example with session related information specified in 
Choices..................................................................................................................... 125 
Figure 3-10: Improved Session Mobility DI based on additional DIA Configuration 
tools information ...................................................................................................... 125 
Figure 3-11: Session Mobility architecture.............................................................. 126 
Figure 3-12: Enhanced M21 middleware and its components................................. 127 
Figure 3-13: Session sender driven approach .......................................................... 129 
Figure 3-14: Session receiver driven approach........................................................ 130 
Figure 3-15: Screen shot showing session receiver choosing media status of session 
sender through M21 ................................................................................................. 134 
Figure 3-16: Screenshots showing sessions from a laptop and PC transferred to a sub-
laptop........................................................................................................................ 136 
Figure 4-1: An example of the P2P architecture...................................................... 146 
Figure 4-2: The structure of the local cluster table .................................................. 147 
Figure 4-3: Pull and push two-stage based adaptation approaches.......................... 149 
Figure 4-4: Average downloading time comparison of different approaches.......... 155 
Figure 4-5: Average downloading speed comparison of different approaches........ 156 
Figure 4-6: Average download speed comparison of low-end peers of different 
approaches................................................................................................................ 156 
Figure 4-7: Average download time comparison of different approaches (3,000 
peers) ........................................................................................................................ 159 
Figure 4-8: Average download speed comparison of different approaches (3,000 
peers) ........................................................................................................................ 159 
Figure 4-9: Average download time comparison of different approaches (20,000 
peers) ........................................................................................................................ 160 
Figure 4-10: Average download speed comparison of different approaches (20,000 
peers) ........................................................................................................................ 161 
Figure 4-11: DynaP2P middleware and related service modules ............................ 163 
Figure 4-12: Example of super peer based P2P architecture with locality clustering
.................................................................................................................................. 172 
Figure 4-13: Improved pull and push two-stage adaptation approaches.................. 174 
Figure 4-14: DI of service representation for a restaurant ....................................... 177 
Figure 4-15: An example of the locality-based service in a P2P environment........ 179 
 
 
XIII
Figure 4-16: Average download time comparison of different approaches............. 183 
Figure 4-17: Average download speed comparison of low-end peers of different 
approaches................................................................................................................ 183 
Figure 4-18: Average network delay comparison of different approaches.............. 184 
Figure 5-1: Average hit rate comparison of different approaches ........................... 198 
Figure 5-2: Average network delay comparison of different approaches................ 199 
Figure 5-3: Average download speed comparison of low-end peers of different 
approaches................................................................................................................ 200 
Figure 5-4: Average hit rate comparison of the proposed replication strategy........ 201 
Figure 5-5: Average network delay comparison of the proposed replication strategy
.................................................................................................................................. 201 
Figure 5-6: Average download time comparison of different approaches............... 212 
Figure 5-7: Average download time comparisons (100,000th-500,000th requests) .. 213 
Figure 5-8: Average download time comparisons (150,000th-500,000th requests) .. 214 
Figure 5-9: Average download speed comparison of different approaches............. 214 
 
 
XIV
List of Tables 
Table 2-1: Snapshot of the SMPTE Metadata Dictionary [35].................................. 23 
Table 3-1: Semantics of the SuggestedDIADescriptionsType ................. 101 
Table 3-2: Semantics of the TargetType............................................................. 102 
Table 3-3: Semantics of the UserSelection ..................................................... 103 
Table 3-4: Semantics of the BackgroundConfiguration ............................. 103 
Table 3-5: Processing time of content negotiation on PC........................................ 114 
Table 3-6: Processing time of content negotiation on sub-notebook....................... 114 
Table 3-7: Semantics of the SessionRelated ................................................... 123 
Table 3-8: Semantics of the UsageEnvironmentRelated ............................. 123 
Table 3-9: Session Mobility server information ...................................................... 128 
Table 3-10: Processing time of session mobility on PC .......................................... 137 
Table 3-11: Processing time of session mobility on sub-notebook.......................... 137 
Table 4-1: Simulated device classes and their capabilities ...................................... 153 
Table 4-2: Simulation settings of a P2P network with 100,000 peers ..................... 154 
Table 4-3: Simulation settings of a P2P network with 3,000 peers ......................... 158 
Table 4-4: Simulation settings of a P2P network with 20,000 peers ....................... 160 
Table 4-5: Simulation settings with locality clustering support .............................. 181 
Table 5-1: Simulation settings (resource replication strategy) ................................ 197 
Table 5-2: Simulation settings (peer selection strategy) .......................................... 211 
Table 5-3: Time complexity of calculating ‘content value’ of different peer 
combinations ............................................................................................................ 215 
 
 
XV
List of Abbreviations 
BSD  Bitstream Syntax Description 
CC/PP Composite Capabilities/Preferences Profile 
DC  Dublin Core 
DHT  Distributed Hash Table 
DI  Digital Item 
DIA  Digital Item Adaptation 
DID  Digital Item Declaration 
DIDL  Digital Item Declaration Language 
DRM  Digital Rights Management 
DTD  Document Type Definition 
IETF  Internet Engineering Task Force 
ISP  Internet Service Provider 
HTML Hypertext Mark-up Language 
HTTP  Hypertext Transfer Protocol 
LAN  Local Area Network 
LRU  Least Recently Used 
MIME Multipurpose Internet Mail Extensions 
MPEG Moving Picture Experts Group 
PDA  Personal Digital Assistant 
QoS  Quality of Service 
RDF  Resource Description Framework 
RTT  Round Trip Time 
SGML Standard Generalized Mark-up Language 
 
 
XVI
SMIL  Synchronized Multimedia Integration Language 
SMPTE Society of Motion Picture and Television Engineers 
TTL  Time To Live 
UAProf User Agent Profile 
UCD  Universal Constraints Description 
URI  Uniform Resource Identifier 
URL  Uniform Resource Locator 
UMA  Universal Multimedia Access 
XML  eXtensible Mark-up Language 
XSD  XML Schema Definition 
XSLT  XML Transformations 
W3C  World Wide Web Consortium 
WAP  Wireless Application Protocol 
WML  Wireless Markup Language 
 
